Introduction
Besides the G proteins, membrane-associated, guaninenucleotide-binding, regulatory proteins composed of three subunits (for review see Gilman, 1987) , eukaryotic cells contain a variety of other structurally related proteins that function as monomers in different regulatory pathways through their capacity to bind and hydrolyse GTP specifically. Of these proteins, the p21 products of the Ha-, Ki-and N-ras genes (for review see Barbacid, 1987) have attracted greatest attention as mutated versions can cause malignant transformation of mammalian cells.
The ypt proteins, a family of ubiquitous eukaryotic proteins (Haubruck et al., 1987) , are structurally related to the ras gene products and share with them very similar biochemical properties . In the yeast Saccharomyces cerevisiae, where this class of proteins was first discovered , the YPTI gene product serves an essential function (Schmitt et al., 1986; Segev and Botstein, 1987) . Mutations of the protein that affect its capacity for GPT binding (Schmitt et al., 1986; Wagner et al., 1987) or membrane association (Molenaar et al., 1988) Yptl protein seems to be involved in protein secretion and/or the regulation of intracellular calcium (Schmitt et al., 1988; Segev et al., 1988) .
The comparison of primary sequences of ras and ypt proteins reveals a clustering of identical residues in four regions which, by mutational analysis, have been shown to take part in guanine nucleotide binding and hydrolysis [for reviews see Wagner et al. (1987) and Barbacid (1987) ]. These regions are located within the first 160 residues and are followed by some 30-40 residues of rather variable sequence. The yeast RAS-gene-encoded proteins have even 150-160 residue-long C-terminal extensions of unrelated sequence (DeFeo-Jones et al., 1983; Powers et al., 1984) . Nevertheless, the human Ha-ras gene can substitute, at least in part, for the loss of RAS gene function in yeast (DeFeo-Jones et al., 1985; Kataoka et al., 1985) .
One way of identifying functionally important regions in structurally related proteins is to probe for biological activity of hybrid proteins generated by exchanging defined segments between these related proteins. Such an approach was made by studying, after chromosomal integration, chimeric genes generated between the viral Ki-ras and the yeast YPT1 gene.
The v-Ki-ras gene was chosen for this study as its p21 product contains a Ser instead of a Gly residue in position 12, the corresponding position being likewise occupied by Ser in ypt proteins of different species. In ras proteins, the substitution of Gly-12 for Ser results in a decrease of GTPase activity and concomitantly confers upon the mutant proteins transforming activity (Gibbs et al., 1984; McGrath et al., 1984; Manne et al., 1985) . Another way of studying the structure/function relationship of proteins exhibiting sequence homology is to probe for their functional interchangeability.
We show in this report that the mouse yptl protein exhibiting > 70 % of sequence identity with its yeast counterpart (Haubruck et al., 1987) (Haubruck et al., 1987 Figure 1 ). Leu2+ transformants were selected and 10 i4g each of total DNA from four transformants were digested with KpnI and subjected to Southern analysis using as hybridization probes (Figure 1) (Figure 3) , the steady-state levels of mRNAs coding for either the mouse yptl or the al., 1987) . (Gallwitz etal., 1983; Haubruck et al., 1987) , were retained esidue in position in a mutant v-Ki-ras protein also found to be unfunctional, (Tsuchida et on the one hand (Schejter and Shilo, 1985) and R-ras and Ha-ras proteins on the other (Lowe et al., 1988) are transformation-competent. From the lack of transforming activity of the R-ras protein and certain R-ras-Ha-ras hybrids (Lowe and Goeddel, 1987; Lowe et al., 1988) , Lowe et al. (1988) concluded that several sequence segments of the folded protein might determine its biological activity. This seems also to apply to the ypt gene products as evidenced by the lack of function of the chimeras we have studied. The failure of the chimeric proteins to substitute for the loss of yeast YPTI gene function could also be the result of improper membrane targetting. Considering the expression of the mouse yptl gene in all the mouse tissues and cell lines examined (Haubruck et al., 1987) , its protein product is also likely to serve a very basic function in mammalian cells. The structural and functional homology of this guanine nucleotide-binding protein with the essential yeast Yptl protein further supports the notion that fundamental eukaryotic mechanisms, like signal transduction (DeFeo-Jones et al., 1985; Kataoka et al., 1985;  and this report), cell cycle control (Lee and Nurse, 1987) or transcription regulation (Bohmann et al., 1987; Metzger et al., 1988; Schena and Yamamoto, 1988; Struhl, 1988) employ elements that are highly conserved in evolution.
Materials and methods
Oligonucleotide-directed mutagenesis and molecular cloning Chemically synthesized oligonucleotides were used to introduce point mutations into cloned DNA following either a two-primer mutagenesis protocol (Zoller and Smith, 1982; Pielak et al., 1985) or according to Nakamaye and Eckstein (1986) .
To generate fragments for the replacement of the yeast YPTI-by the mouse Aptl-coding region, NdeI and BssHII restriction sites were introduced at the 5' and the 3' end respectively, of the mouse protein-coding sequence. A 325 bp PstI fragment of cDNA clone F9-12 harbouring the coding segment for the N-terminal half of the mouse ypt protein (Haubruck et al., 1987) was cloned in phage M13mpl9 and the NdeI restriction site was introduced with the oligonucleotide 5'-GCAGTGACATGTCCCATA-TGAATCCCGAATATG-3'. The xptl cDNA clone C3H-82 (Haubruck et al., 1987) as a 1275 bp BamHI fragment was likewise cloned into phage M13mpl9, and a BssHII restriction site was generated with the oligonucleotide 5'-GCTGTGAGAAAAGGACGCGCGCAGATTTTAGCA-GCC-3'. From the two recombinant phages, a 245 bp Ndel-NcoI fragment and a 380 bp NcoI-BssHII fragment containing the entire mouse^ptl protein-coding region, were used to construct, in several steps, the final eviction vectors pEV-mypt 1 and pEV-GALmypt 1 used for gene replacement (Figure 1 ).
Yeast genetic techniques
The diploid yeast strain DAH2215 (MATaMATaYPTI/YPTI leu2/leu2 his3/+ his4l +) was used for complementation analyses with ras and hybrid genes. For the functional analysis of the mouse xptl gene controlled by the yeast YPTI promoter, the diploid strain DAH430H (MATa/MA Ta YPTI/xptl:: HIS3 leu2/leu2 his3/his3) (Schmitt et al., 1988) was transformed with HindIll-linearized vector pEV-mypt 1. Of 40 transformants tested, 37 were of his3 -phenotype. Four of these transformants were subjected to tetrad analysis and found to segregate 2:2 with respect to viability. The mouse yptl gene under GALIO promoter control was introduced into chromosome VI by transforming the haploid strain HLR3 (MATa GALJO-YPTI-HIS3 his3 leu2) (Schmitt et al., 1988) with the linearized plasmid pEV-GALmyptl. Of 30 clones tested, 29 were of Leu2+his3-phenotype and showed the correct insertion of the mouse vptl gene by Southern analysis. Yeast transformation was performed according to Hinnen et al. (1987) or by the method of alkali cation treatment (Ito et al., 1983) . Procedures for growth of yeast cells, sporulation of diploids, dissection of tetrads and scoring of genetic markers were carried out by standard methods (Mortimer and Hawthorne, 1969) . For galactose inducible expression, yeast transformants were propagated in SD-medium containing 4% galactose instead of glucose.
Immunoblot analysis
For immunoblots, total extracts from -2 x 108 bacteria or 2 x 107 yeast cells were taken up in detergent-containing buffer according to Laemmli (1970) , boiled for 5 mmn and subjected to SDS-PAGE. Immunoblot analysis of the separated proteins was performed as described (Schmitt et al., 1986) , using either affinity-purified antibodies against the mouse yptl protein raised in rabbits or a monoclonal antibody (Y-27B10) directed against the yeast Yptl protein.
Other methods Preparation of DNA and RNA, Northern and Southern blots and nucleotidebinding analysis were as described previously (Langford and Gallwitz, 1983; Langford et al., 1984; Schmitt et al., 1986; Wagner et al., 1987) .
